The purpose of this study was to analyse the chemical composition of Spartium junceum L. (also known as Spanish Broom) aromatic water and to evaluate its cytotoxic activity against a series of human cancer cell lines (melanoma: RPMI 7932; leukemia: K562; breast cancer cell: MCF7-Bart and MCF7-ICLC, colon adenocarcinoma: SW480). The results show that the aromatic water was cytotoxic toward the tumor cell lines analyzed (RPMI 7932, K562, MCF7-Bart, MCF7-ICLC, SW480), while it did not appreciably alter the viability of normal keratinocytes (NCTC 2544) suggesting its potential use as an antitumor agent for cancer treatment and/or prevention.
Many products isolated from plants represent a source of potent antitumor agents, for example etoposide and teniposide, isolated from species of Podophyllum, as well as several others are currently used in chemotherapy [1] . The antitumor activity of essential oils and extracts from a broad spectrum of plant species has been investigated extensively on a wide range of tumor cell lines [2] [3] [4] [5] .
Spartium junceum L. is a small shrub particularly wide-spread in Mediterranean countries. Its flowers have been reported to show mild sedative and diuretic [6] , antiulcer [7, 8] , anti-inflammatory and analgesic [9] properties. The aim of this work was to analyze the chemical composition of S. junceum aromatic water and to investigate its cytotoxicity on a series of human cancer cell lines.
The qualitative analysis was performed by gas chromatographymass spectrometry (GC/MS) combined with solid phase microextraction (SPME) using a carbowax/divinylbenzene fiber (CW / DVB). The absorption of the analytes was performed by direct immersion of the fiber in the aromatic water. The fiber was then introduced into the gas chromatograph injector and the analytes were desorbed thermally. The chemical composition of the aromatic water is reported in Table 1 . The identification of analytes was carried out by comparison of their retention times and mass spectra with those of authentic samples.
Quantitative analysis of some analytes, such as nerol, linalool, nerolidol, 1-octen-3-ol, citral and linalyl acetate was carried out by HPLC/DAD using an external standard method. The percentages recovered are listed in Table 2 . The main components found in the aromatic water were nerolidol (52.8%) and 1-octen-3-ol (16.6%).
The effect of the aromatic water on tumor cell growth was first examined on the RPMI 7932 human melanoma cell line and then on other human cancer cells lines. The aromatic water exhibited a marked growth inhibitory effect on RPMI 7932 cells in a concentration-dependent manner. As shown in Figure 1 , at low concentrations (16.7 μL/mL), the aromatic water inhibited significantly the tumor cell growth and the inhibitory effect increased as the concentration increased. In particular, it is interesting to note that inhibitory effect of the aromatic water on RPMI 7932 cells ranged from 53.0% at 16.7 μL/mL to 98% at 333.3 μL/mL. Moreover, we observed a comparable inhibitory effect to that of the positive control, which ranged from 54% to 97%. In contrast, the aromatic water was not cytotoxic to the control NCTC 2544 cells up to 166.7 μL/mL. However, for the higher aromatic water concentration analyzed in this work (333.33 μL/mL), 35% of inhibition was achieved on control cells. These results indicate that NCTC 2544 cells were more resistant than RPMI 7932 to S. junceum aromatic water treatment.
Based on these results, we tested the antitumor effect of the aromatic water at lower concentration on another four species of human cancer cells lines (K562, MCF7-Bart, MCF7-ICLC, SW480). Data reported in Figure 2 show that the S. junceum aromatic water had smaller antitumor effects on these tumor cells with respect to that observed in the case of RPMI 7932 cells. In fact, the inhibitory effect of the aromatic water on cell viability ranged from about 20% on MCF7-Bart, 17% on MCF7-ICLC, 16% on SW480 and 13% on K562. Studies are in progress to ascertain if the cytotoxic effect increases for these cells at higher concentrations and to identify the active components involved in the growth inhibition of the human cancer cells lines. The results obtained are the subject of a separate article (in preparation).
To gain information on the S. junceum aromatic water cell growth inhibition mechanism, we examined the effect of the treatment on RPMI 7932 morphology. These cells normally appear in a spindlelike form. After aromatic water treatment, the shape of cells changed dramatically. Table 1 : Composition of Spartium junceum aromatic water by SPME-GC-MS analysis In conclusion, our study demonstrated that S. junceum aromatic water exerted a significant, almost selective, growth inhibitory effect on melanoma cells in a concentration-dependent manner. Further studies are needed to explore the question of how this aromatic water can differentiate between tumor and normal cells. Finally, these results suggest that the aromatic water could be used as a drug in cancer treatment and/or prevention. 
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Experimental
Preparation of Spartium junceum aromatic water: Samples of flowers were collected from wild plants and extracted by vacuum distillation, as reported by Liguori et al. [10] . In a typical experiment, 130 g of flowers were collected in a flask and subjected to vacuum distillation by immersion in a previously heated oil bath (120°C). The produced steam was condensed by decreasing the temperature providing 65 mL of aromatic water.
SPME-GC-MS analysis:
The aromatic water was analyzed by GC/MS combined with solid phase microextraction (SPME), an extraction technique by which the analytes are directly extracted and concentrated on a fiber coating by direct immersion. The studies were conducted with SPME devices purchased from Supelco. A fused silica gel fiber coated with a 65 m film of Carbowax/divinylbenzene (CW/DWB) was tested. To stabilize the phase and remove all contaminants, the fiber was conditioned before use for 0.5 h in the GC injector at 220°C. After conditioning, the fiber was desorbed for 10 min and analysis was performed to evaluate the blank. The SPME procedure involved the immersion of the fiber in a vial containing 7 mL of aromatic water for 2 h. The last step was thermal desorption of the analytes into the injection port of the gas chromatograph for 10 min.
Analytes t r Method of identification
GC-MS analyses were performed using a 6890N Network GC System (Agilent Technologies Inc., Palo Alto, CA-USA) equipped with a HP-5MS (30 m x 0.25 mm I.D, dimethylsiloxane 5%; film thickness 0.25 m) capillary column, and with a 5973 Network MSD mass spectrometer, operated in EI ionization mode (70 ev). GC-MS analyses were carried out in splitless mode (splitless time: 1 min), using helium as carrier gas (1 mL/min flow rate). The injection port was heated at 250°C. The column was maintained at an initial temperature of 60°C for 2 min, and then programmed at 7°C/min to a final temperature of 280°C, where it was maintained for 10 min. Identification of the compounds was carried out by comparison with the MS and RT of authentic samples dissolved in water and analyzed under the same conditions (SPME-GC-MS).
HPLC/DAD analysis:
The aromatic water was analyzed by HPLC coupled with a diode array detector (DAD). The Shimadzu HPLC system was equipped with LC-20AD pumps, SIL-20A autosampler (20 μL injection volume) and a model SPDM20A-CBM20A PDA/UV detector. Aromatic water components were separated on a C18 Discovery column (Supelco) with a mobile phase flow rate of 1 mL/min. Villa et al. [11] used gradient elution with a mobile phase of acetonitrile (MeCN) and water (H 2 O), but in our work the better chromatographic assays were performed at room temperature under the following conditions: initial = 50% H 2 RPMI 7932, K562 and SW480 cells were grown in sterile RPMI 1640 medium supplemented with 10% (v/v) fetal bovine serum (FBS), 2 mM L-glutamine, 50U/mL penicillin, 50 μg/mL streptomycin (all from Sigma) and were incubated at 37°C in a fully humidified atmosphere of 5% CO 2 and 95% air.
NCTC 2544 cells were grown in sterile MEM (EBSS) medium supplemented with 10% (v/v) fetal bovine serum (FBS), 2 mM Lglutamine, 1% non-essential amino acids, 50U/mL penicillin, 50 μg/mL streptomycin (all from Sigma) and were incubated at 37°C in a fully humidified atmosphere of 5% CO 2 and 95% air.
MCF7-Bart and MCF7-ICLC cells were grown in sterile DMEM medium supplemented with 10% (v/v) fetal calf serum (FCS), 2 mM L-glutamine, 50U/mL penicillin, 50 μg/mL streptomycin (Sigma) and were incubated at 37°C in a fully humidified atmosphere of 5% CO 2 and 95% air.
Cell viability assay: RPMI 7932, K562, MCF7-Bart, MCF7-ICLC, SW 480 and NCTC 2544 cells were seeded on 6-well plates at a density, respectively, of 5x10 4 and 3x10 4 cells/well in the culture medium. Five different concentrations of aromatic water (16.7, 100, 166.7, 250 and 333.3 μL/mL) were added to the RPMI 7932 and NCTC 2544 culture medium so that the total incubation volume did not exceed 3 mL. The other cell lines were tested with one concentration of aromatic water (16.7 μL/mL). The cells were incubated in the presence or absence of aromatic water. The cell number and viability were determined by the trypan blue exclusion method using a hemocytometer. The percentage inhibition of cell viability was calculated using cells treated with physiologic water as controls. Cisplatin was used as positive control. Each experiment was repeated at least 3 times with duplicate samples. The data were expressed as mean ± standard deviation and statistical analysis for significance was performed by means of the Student's test; values of p< 0.05 were considered statistically significant.
Cell staining (cell morphology):
To observe the morphological changes induced by S. junceum aromatic water on RPMI 7932 and NCTC 2544, the cells were seeded onto microscope slides, cultured and treated under the same conditions as those used in the cell viability assay. The morphology of the cells was examined after staining by the hematoxylin and eosin (H&E) method.
H&E microscope slides were stained by submersion in: 1) Hematoxylin (5 mins); 2) running water (5 mins); 3) ethanolic Eosin (3 mins); 4) washing with distilled water; 5) 70% ethanol (5 mins); 6) 80% ethanol (5 mins); 7) 90% ethanol (5 mins); 8) absolute ethanol (5 mins); and 9) xylene (7 mins). All slides were covered with Canada balsam and glass cover slips. Subsequently, stained slides were analyzed using an Axioplan Zeiss microscope.
